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The aim of this work is to experimentally investigate the effect of series resistance (Rs) on current-voltage (I-V) 
characteristics in Au/Bi4Ti3O12/SnO2 (MFM) structures. The parameter Rs, the ideality factor (n) and barrier height (�B) are 
determined by performing different plots from the experimental forward bias I-V measurements. The current-voltage 
characteristics of MFM structures were measured at room temperature. The values of n and �B were found to be 1.458 and 
1.186 eV, respectively. The structure shows non-ideal I-V behaviour with ideality factor greater than unity. This behavior 
arises from the series resistance and the presence of an interfacial layer formed during the surface preparation. In addition, 
the values of Rs were determined using Cheung’s method. The effect of the series resistance for the device was not ignored 
and the obtained values are lower than the equivalent values obtained previously without considering effect of the presence 
of interfacial layer. The I-V characteristics confirmed that the distribution of Rs and interfacial layer are important parameters 
that influence the electrical characteristics of structures. 
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1. Introduction 
  
Bismuth titanate Bi4Ti3O12 (BTO) thin film with a 

typical ferroelectric behaviour has emerged as a promising 
material in recent years because of its potential 
technological importance [1-12]. It has been extensively 
studied for their applications in non-volatile memories, 
such as ferroelectric random access memories (FeRAMs) 
[1-3]. Bi4Ti3O12 thin film is widely preferred in device 
applications, since it has relatively high dielectric constant, 
high curie temperature, high breakdown strength, high 
speed read/write characteristics, large permanent 
polarization, low coercive field and good electro optical 
switching behaviour [3-5]. Furthermore, the amorphous 
bismuth titanite (Bi4Ti3O12) films are the simplest and well 
known compound among the ferroelectric compounds of 
complex oxides [13,14].  

In order to understand the characteristics of the 
ferroelectric random access memories (FeRAMs), 
Au/Bi4Ti3O12/SnO2 (metal-ferroelectric -metal) structures 
(or MFM type capacitors) have been widely studied 
[3,5,8,13,14]. The primary goal of this effort is to clarify 
some problems connected with the transport mechanism 
[6,8-10], as a result of surface charge (Qsc) and the 
interface state density (Nss) [2,8-11]. It is well known that 
ignoring the density of surface states and series resistance 
of the sample can lead to significant errors in the devices 
characteristics [15-17]. In general, there are several 
possible sources of error, which cause deviations of the 
ideal behaviour such as electrical properties. Therefore, 
these errors must be taken into account. These include the 
effects of interfacial layer; interface state (Nss), series 
resistance (Rs) and formation of barrier height. The series 
resistance is an important parameter, which causes the 

electrical charac-teristics of devices to be non-ideal [18-
22]. 

In this work, we report on extraction of series 
resistance of Au/Bi4Ti3O12/SnO2 (MFM) structures using 
the current-voltage (I-V) characteristics. The calculation of 
the electrical characteristics parameters such as ideality 
factor, barrier height and series resistance of MFM 
structures obtained from the experimental forward bias 
current-voltage (I-V) characteristics at room temperature. 

 
 
2. Experimental procedure  

 
The Bi4Ti3O12 (BTO) thin films with a thickness of 

about 2.4 μm were deposited on tin oxide coated glass 
substrates by using dc-magnetron sputtering. The 
substrates were kept at around 700 °C.  The Bi4Ti3O12 
target plate was prepared for sputtering by a hot 
compacting of Bi4Ti3O12 powder of a stoichiometric 
composition. The mixture of Ar and O2 was used as a 
working medium. A vacuum condensate composition is 
mainly determined by the condition of the formation of the 
layer, changed its composition, on the surface of the target 
depleted in component with large sputtering coefficient. In 
case of diffusion fluxes in a target substance at the given 
temperature, this process leads to the establishment of 
quasi-equilibrium state when the ratio of the component 
concentration in a surface layer of the target is inversely 
proportional to the corresponding sputtering components 
that provide the entering of the components to the working 
medium in a stoichiometric ratio. The chemical 
composition and the stoichiometry of the films were 
determined by local X-ray spectra method on scanning 
electron microscope REM-101 M by comparison of 
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spectral line intensity relations for the films and standard 
sample.  

For the electrical measurements, the gold(Au) top 
rectifier contacts in circular shape, with a diameter of 2.5 
mm and the thickness of about 2000 Å were deposited 
onto the films to form metal-ferroelectric-metal (MFM) 
structures using a shadow-mask by rf sputtering. Then the 
films were heated at 400 °C for 20 s by a rapid thermal 
annealing process to improve adhesion between metal and 
ferroelectrics (BTO) films. The Au/BTO/SnO2 (MFM) 
structures or devices were mounted on a copper holder in a 
box and the electrode connections to the gold contacts for 
the electrical measurements were made by the use of tiny 
silver coated wires with silver paste. After that, the 
current-voltage (I-V) behaviors of MFM structures were 
measured by using a Keithley 614 electrometer and 220 
programmable constant current sources at room 
temperature. All measurements were carried out with the 
help of a microcomputer through an IEEE-488 ac/dc 
converter card at room temperature. 
 

 
3. Results and discussion 

 
When a diode with an interfacial layer and series 

resistance Rs is considered, the current through a diode at a 
forward bias (V≥3kT/q), according to the thermionic 
emission (TE) theory, is given by [15,23,24] 
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where V is the applied voltage across to rectifier contact, n 
is the ideality factor, Rs is the series resistance including 
bulk and contact resistance, T is the absolute temperature 
in K, q is the electronic charge, k is the Boltzmann 
constant; and Io is the reverse saturation current and can be 
written as 
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where A is the area of rectifier contact, A* is the effective 
Richardson constant and ΦB is the zero-bias barrier height. 
The apparent barrier height ΦB is given by, 
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The ideality factor is a measure of the conformity of 

the diode to be pure thermionic emission, and it is 
determined from the slope of the linear region of the 
forward bias ln(I)-V characteristics through the relation,          
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where d(V-IRs)/dlnI is the slope of linear region of ln(I)-V 
plots. Also the voltage dependent ideality factor n(V) can 
be written from Eq.(1) as  
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Fig. 1 shows the forward and reverse bias ln(I)-V 

characteristics of the MFM capacitor at room temperature. 
The current curve in forward bias quickly becomes 
dominated by series resistance from contact wires or bulk 
resistance of the semiconductor, giving rise to the 
curvature at high current in the semilogarithmic ln(I)-V 
plot. Using Eq. (2) and (4a), the values of the barrier 
height and the ideality factor were found to be ΦB=1.186 
eV and n=1.458, respectively.  

For Schottky diode and capacitor this value of ideality 
factor obtained from the forward bias I-V plot are greater 
than unity, indicating the presence of a thin interface 
insulator layer between the Al layer and p-Si 
semiconductor. Also, such behaviour of ideality factor has 
been attributed to particular distribution of the interface 
states, the image-force effect, recombination-generation; 
and tunnelling may be other possible mechanisms that 
could lead to an ideality factor value greater than unity 
[17,22-27]. 
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Fig. 1. The forward-bias I-V characteristics of the MFM 

structure at room temperature. 
 

It should be noted that the effect of the series 
resistance in the linear region of forward bias I-V plot 
could be neglected in Fig. 1, but deviate considerably from 
the linearity due to the effect of series resistance, the 
interfacial layer, and the interface states when the applied 
voltage is sufficiently large. In addition, the current rises 
slowly with the applied reverse bias and does not show 
any effect of saturation. This soft or slight non-saturating 
behaviour of reverse current may be explained in terms of 
the image force lowering of Schottky barrier height [23] 
and the presence of the interfacial layer [17,23]. 
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Usually, the forward bias current voltage (I-V) 
characteristics are linear in the semilogarithmic scale at 
low voltages but deviate considerably from linearity due to 
the effect of parameters such as the Rs and the Nss when 
the applied voltage is sufficiently large. The values of 
series resistance Rs were carried out using another method 
developed by Cheung [28]. The Cheung’s functions given 
as, 
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and H(I) is given as follows: 
 

( ) Bs nΦIRIH +=                        (7) 
 
 
should give a straight line for the data of downward 
curvature region in the forward bias I-V characteristics. 
The term IRs is the voltage drop across the series 
resistance of capacitor. In Fig. 2(a) and (b), the 
experimental dlnIdV vs I, and H(I) vs I plots are for the 
MFM structure, respectively. Thus, the values of Rs and 
nkT/q have been obtained from the slope and y-axis 
intercepts of the plot dV/dlnI vs I.  

 
Table 1. Various parameters determined from I-V characteristics of MFM structure. 

 
Io 

(A) 
n 
 

ΦB 
(eV) 

Rs(dV/d(lnI)) 
(Ω) 

Rs(H(I)) 
(Ω) 

WD 
(cm) 

Nss 
(eV-1cm-2) 

 
 6.13x10-15 

 

 
1.458 

 

 
1.186 

 

 
383.77 

 

 
371.85 

 

 
5.45x10-4 

 

 
3.02x1011 

 
Also, Fig. 2(b) obtained from Eq. (11) shows the plot 

of H(I) vs I and gives a straight line with the y-axis 
intercept equal to nΦB. The slope of this plot also provides 
the second determination of Rs, which can be used to 
check the consistency of Cheung’s approach. The values 
of series resistance calculated from Eqs. (5) and (7) are 

presented in Table 1. As can be seen in Table 1, the values 
of series resistance Rs(dV/dlnI) and Rs(H(I)) calculated 
from Cheung’s functions dV/dlnI and H(I) respectively are 
in good agreement with each other [29-32].  
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Fig. 2. (a) Experimental dV/dlnI vs plots for the MFM structure; (b) Experimental H(I) vs I plots for the MFM structure. 
 

4. Conclusions 
 

In this study, the electrical properties of 
Au/Bi4Ti3O12/SnO2 (MFM) structures have been 
characterized by using the current-voltage (I-V) 
characteristics at room temperature. The non-ideal forward 
bias I-V behavior observed in the structure is attributed to 
a change in the metal /semiconductor barrier height due to 

the interface states, the interfacial layer and series 
resistance. The applied bias voltage drops partially across 
the interfacial layer causing the forward current to drop, 
thus this case has resulted in strong deviation from the 
ideal I-V characteristics. The values of ideality factor and 
barrier height have been calculated as 1.458 and 1.186 eV, 
respectively, from forward bias I-V measurements. The n 
values obtained from I-V characteristics are higher than 
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unity, and that is attributed to the presence of an interfacial 
layer. The downward curvature at sufficiently large 
voltages is caused by the effect of series resistance Rs, 
apart from the presence of the interface states, which are in 
equilibrium with the semiconductor. The value of the Rs 
has been calculated from high voltage region of the 
structure by using Cheung functions. It is seen that there is 
a good agreement between the values of the series 
resistance obtained from two Cheung plots. 

It is clear that ignoring the role of series resistance, 
interface state density and interfacial layer can lead to 
significant errors in the electrical characteristics of 
devices. 
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